1. Introduction {#s0005}
===============

Recently, biomedical approaches that have involved in repairing and restoring the functions of damaged tissues are categorized under tissue engineering field. Of all bone, tissue engineering is one of the promising fields that aim to create biological replacements that have the ability to restore, repair, maintain or improve tissue functions. The steps often start with manipulating and manufacturing of an appropriate three dimensional (3D) porous scaffold suitable for bone tissue regeneration. However, scaffold modifications may be the best way to accelerate degradation, for instances, adding ceramic particles to increase the surface area that is available for hydrolysis to enhance functional repair of segmental defects [@bib1], [@bib2]. There are many types of biomaterials that present endless opportunities for innovations of novel matrix or a substrate for cell seeding [@bib3], [@bib4]. These biomaterials serve as extracellular matrix (ECM) capable of supporting the new bone morphogenesis [@bib5], [@bib6]. Bone is a self-repairing organ that has the ability to adapt its mass, form and properties in response to changes, such as mechanical necessities, and endures specific physical action in life without breaking or causing pain [@bib7]. These bio-capabilities of the bone come from the fact that bone is a living organ and contain cells that activate renewal and repair capabilities. It is made up of organic and inorganic (mineral) materials. The organic substance is concentrated in the bone matrix that consists mostly of 90% collagen fibers and other non-collagenous proteins. The inorganic substance of the bone is a calcium phosphate so called hydroxyapatite (HA), Ca~10~ (PO~4~)~6~(OH)~2~. The HA minerals is considered to fill the places between the collagen fibrils. The mechanical properties of any bone come from the impregnation process of the soft organic substances with HA minerals which are firm and brittle [@bib8].

A scaffold is basically an extracellular matrix that offers a three dimensional structure capable of performing significant function. This practicability is due to a near-net-shape structure of the scaffold that guarantees ample porosity with appropriate pore size and interconnections in order to permit sufficient transportation and migration of cells, nutrients, metabolites, signal molecules as well as sufficient vascularization to nurture the new tissue growth [@bib12], [@bib9]. The concept of bone tissue engineering is to develop and manufacture a biological substitutes (3D scaffolds) that enable the replacing of lost or damage bone caused by disease or trauma [@bib6]. Up to date, bone replacement therapy includes autografts, allografts or xenografts [@bib13], [@bib14]. Autografts can be engineered and produced either by culturing autologous cells in vitro guided by a scaffold or by implanting a cellular scaffold in vivo and letting the patient\'s cells to restore the bone tissue guided by the scaffold. It is preferred that the scaffold degraded at a certain time in harmony with tissue restoration time that means as soon as the tissue has developed the scaffold no longer exists and the newly developed tissue as functional as the lost tissue [@bib15], [@bib5]. Such a scaffold must be created from biocompatible material with sufficient physical and mechanical properties as well as having no immunological or clinically foreign body reaction [@bib16], [@bib4].

The materials of any scaffold must fulfill the following requirements: "1) biocompatibility 2) sterilizability 3) suitable physical characteristics (mechanical properties) 4) manufacturability 5) biodegradability 6) high porosity with interconnected network of pores and surface chemistry that promotes suitable regulation of cell activities such as a) cell adhesion b) proliferation c) migration and d) differentiation" [@bib17]. There are many substances that have similarity to the bone structures that can be used to manufacture scaffolds to be used for bone tissue regeneration. Of all, natural coral (NC) has been used as a bone graft replacements due to its similar composition of bones. The NC can be transformed into structurally like porous HA via the hydrothermal exchange response. Hence, the mean diameter of the coral pore is 200 µm (190--230 µm) [@bib15].

The basic difference between HA and NC is that the latter is biodegradable and HA is not. Both NC and HA are well known to be osteoconductive, biocompatible and very inert [@bib18], [@bib19]. Ever since 1980, natural corallines of calcium carbonate (CaCO~3~) and its transformed Hydroxyapatite, Ca~10~ (PO~4~)~6~(OH)~2~, have been widely used as a replacement biomaterial for bone grafts [@bib15], [@bib18]. Moreover, quite a number of biomaterials have been investigated as candidates for bone graft alternatives, including animal bone, chitosan, coral exoskeletons and nacreous materials [@bib2], [@bib20]. Best results are obtained with natural biomaterials due to better cell attachment, differentiation and function [@bib21].

The cockle shell consists of about 96% CaCO~3~ whilst other components include organic substances and other oxides like SiO~2~, MgO and SO~3~ [@bib22], [@bib23]. The CaCO~3~ has three polymorphs which are the calcite, aragonite and vaterite. Studies have moreover shown that the denser aragonite is an appropriate biomaterial because of its capability to be incorporated and replaced by bone tissues [@bib24], [@bib25], [@bib26], [@bib27]. The significant characteristics of an ideal bone implant material are: "i) Biocompatibility ii) Mechanical strength and iii) Safety" [@bib28], [@bib6]. The mixture of organic and inorganic resources provides a suitable different choice to mix the best properties of each stage and overcoming a lot of their weaknesses when used as standardized materials [@bib29]. In past 10 years, the cockle shells powder was used to fabricate a novel porous scaffold. The relevance of this substance for manufacturing bone graft replacement comes from previous study conducted by Zuki et al. [@bib22]. The study reported that cockle shells and coral exoskeletons have similar mineral and physicochemical characteristics [@bib22], [@bib23], [@bib30], [@bib33]. Based on this previous study, it was recommended that the cockle shells can be used as good optional biomaterial for bone replacement in organization of bone defects. Gelatin plays a crucial role in the cockle shells research. It has been used widely in tissue engineering scaffolds due to its properties and has biological functions intact as its natural shape collagen such as biocompatibility and physical properties [@bib31]. The aim of this study is to produce, and assess the morphological, physicochemical and mechanical properties of novel aragonite CaCO~3~ nanoparticles, gelatin, dextran and dextrin derived scaffold as a potential bone matrix for tissue engineering and strengthening material.

2. Materials and methods {#s0010}
========================

2.1. Cockle shells nanoparticles powder preparation {#s0015}
---------------------------------------------------

The cockle shells powder was prepared following the method described by Zuki et al., [@bib22]. However, some modifications were made to obtain the best results. The shells were dried in oven (Memmert, UM 500, Germany) at 50 °C for 5--7 days, ground using stainless steel blender (Good and Well®, Taiwan) and sieved through 75 µm sieve (Endecotts Ltd, London, England). The micron sized powder was further dried in the oven (Memmert, UM 500, Germany) at 50 °C for 5 days and kept in air tight polyethylene plastic bag (JP Packaging) until used. The obtained micron sized powder 75 µm was transformed into nanoparticles using a mechano-chemical method in the presence of surfactant BS-12 (dodecyl dimethyl bataine) that was obtained from Sigma-Aldrich (Steinheim, Germany). Briefly, mechanical stirring of the 2 g of 75 µm powder with the 50 mL deionized water (DW) (HPLC-grade of resistance\>18 MΩ obtained from a MilliRO6 plus Milli-Q-Water System (Organex) and 0.5 mL of surfactant BS-12 at 1000 rpm at room temperature for 90 min using the heating homogenize stirrer machine (Wise Stir® Heating Multiple Stirring). The resultant slurry was then filtered using filter paper of size 12.5 cm (Filtres Fioroni, China) and dried at 80 °C overnight then stored at 50 °C in a sterile container prior to use.

2.2. Development of the scaffolds {#s0020}
---------------------------------

Three specific natural materials namely gelatin, dextran and dextrin, were mixed together with the cockle shells nanoparticles powder (CaCO~3~) to formulate the scaffolds. Seven different formulae of the scaffolds were prepared using the following combinations:**Scaffold 5211:** cockle shells nanoparticles 50%, gelatin 25%, dextran 10%, and dextrin 15%.**Scaffold 5400:** cockle shells nanoparticles 50%, gelatin 40%, dextran 5%, and dextrin 5%.**Scaffold 6211:** cockle shells nanoparticles 60%, gelatin 20%, dextran 10%, and dextrin 10%.**Scaffold 6300:** cockle shells nanoparticles 60%, gelatin 30%, dextran 5%, and dextrin 5%.**Scaffold 7101:** cockle shells nanoparticles 70%, gelatin 15%, dextran 5%, and dextrin 10%.**Scaffold 7200:** cockle shells nanoparticles 70%, gelatin 20%, dextran 5%, and dextrin 5%.**Scaffold 8100:** cockle shells nanoparticles 80%, gelatin 10%, dextran 5%, and dextrin 5%.

The numbers 5211, 5400, 6211, 6300, 7101, 7200 and 8100 represent the percentages of cockle shells nanoparticles powder, gelatin, dextran and dextrin respectively, and the scaffolds were prepared by deep freezing method. Combination of the three materials (gelatin, dextran, dextrin) was first dissolved in hot deionized water at 70 °C for 90 min using the heating homogenize stirrer machine (Wise Stir® Heating Multiple Stirring) at 400 rpm and the cockle shells nanoparticles powder was added to the mixture and stirred until a uniformly smooth slurry was achieved. The combination was poured into a cylindrical mold of aluminum foil 4 cm height x 1 cm diameter, allowed to set slightly before being transferred to −20 °C for 24 h then transferred to the deep freezer at −80 °C and the scaffolds was later freeze dried in a freeze drier (LABCONCO Freezon^6^ USA) for lyophilization till it is completely dried for 4 days at −50 °C, and later kept in a sterile container before future use ([Fig. 1](#f0005){ref-type="fig"}) [@bib30], [@bib32], [@bib33]. The experimental were repeated minimum of three times to ensure a proper reliability and observation.Fig. 1Photographs show the shape and the size of cockle shells nanoparticles using TEM, (A and B), 100 nm.Fig. 1

2.3. Scaffold characterization {#s0025}
------------------------------

### 2.3.1. Scanning Electron Microscopy (SEM) study {#s0030}

Examination of prepared scaffolds was done by Scanning Electron Microscopy (JEOL JSM 6400 SEM ATTACHED WITH EDX, Germany). Cutting of the scaffolds into smaller circular and longitudinal sections was done and sent to the Electron Microscopy Unit, Institute of Bioscience, Universiti Putra Malaysia for SEM analysis. The samples were fixed on stubs at various angles and sputter coated with gold (BAL-TEC SCD 005) prior to studies on electron conductivity, Microstructural characterization and average pore diameter of measurement based on 300 measurements that was taken at different positions on the micrograph picture from six replicates [@bib30], [@bib32], [@bib33].

### 2.3.2. Porosity study {#s0035}

Porosity of the organized scaffolds was examined via fluid dislocation using ethanol; this method was adopted from Shahini et al., [@bib34]. The scaffolds were cut into smaller circular discs, 1 cm in diameter and 1 cm thickness. Initial dry weight (W~d~), the radius (R) and the thickness (T) of 6 samples per scaffold were calculated preceding immersion. Samples were later dipped in 20 mL ethanol alcohol and subsequently treated with an evacuation-repressurization system until no more bubbles came out of the specimens and left in ethanol for 48 h, to allow thorough saturation, and were weighed and recorded as (W~w~). Scaffold porosity was calculated according to the formula below.$$\mathbf{P}\mathbf{o}\mathbf{r}\mathbf{o}\mathbf{s}\mathbf{i}\mathbf{t}\mathbf{y}\mathbf{P}\mathbf{e}\mathbf{r}\mathbf{c}\mathbf{e}\mathbf{n}\mathbf{t}\mathbf{a}\mathbf{g}\mathbf{e} = \left( {\mathbf{W}_{\mathbf{w}} - \mathbf{W}_{\mathbf{d}}} \right)/\mathbf{P}_{\mathbf{e}\mathbf{t}}\mathbf{x}\mathbf{\pi}\mathbf{R}^{2}\mathbf{T}\mathbf{x}100\%$$While (P~et~) represent the density of ethanol.

### 2.3.3. Swelling study {#s0040}

The swelling study was conducted following Soumya et al. [@bib35] method. This measured the absorption/diffusion of the nutrients into the scaffolds, vital for cell viability and growth. The swelling test determined the percentage of medium uptake by each scaffold. Six samples of each type of the fabricated scaffolds were used in this study; the weights of each sample were measured before and after soaking in phosphate buffer solution (PBS) pH 7.4 for 10 min. The difference between the weight of wet and dry scaffolds denotes the quantity of PBS solution from which the percentage of medium uptake was calculated according to the following formula:$$\mathbf{P}\mathbf{e}\mathbf{r}\mathbf{c}\mathbf{e}\mathbf{n}\mathbf{t}\mathbf{a}\mathbf{g}\mathbf{e}\mathbf{o}\mathbf{f}\mathbf{m}\mathbf{e}\mathbf{d}\mathbf{i}\mathbf{u}\mathbf{m}\mathbf{u}\mathbf{p}\mathbf{t}\mathbf{a}\mathbf{k}\mathbf{e} = \left( {\mathbf{W}_{2} - \mathbf{W}_{1}} \right)/\mathbf{W}_{1}\mathbf{x}100\%$$where, (W~1~) is the initial sample weight before immersion (dry) and (W~2~) is the sample weight after immersion (wet). The above process was repeated after drying the same scaffolds samples for another 10 min. The finest sample was recognized based on the comparison between the scaffolds for the first and the second percentage of PBS absorption.

### 2.3.4. Water absorption study {#s0045}

Water absorption study was carried out using six samples of each type of scaffold. The weights of samples were measured before and after immersion in deionized water for 10 min. The difference between the weight of wet and dry samples denotes the quantity of absorbed water from which the percentage of absorbed water were calculated according to the following formula:$$\mathbf{W}\mathbf{a}\mathbf{t}\mathbf{e}\mathbf{r}\mathbf{A}\mathbf{b}\mathbf{s}\mathbf{o}\mathbf{r}\mathbf{p}\mathbf{t}\mathbf{i}\mathbf{o}\mathbf{n}\mathbf{P}\mathbf{e}\mathbf{r}\mathbf{c}\mathbf{e}\mathbf{n}\mathbf{t}\mathbf{a}\mathbf{g}\mathbf{e} = \left( {\mathbf{W}_{2} - \mathbf{W}_{1}} \right)/\mathbf{W}_{1}\mathbf{x} 100\%.$$where, (W~1~) is the initial sample weight before soaking (dry), and (W~2~) is the sample weight after soaking (wet). The above method was repeated after drying the scaffolds for another 10 min. The best sample was recognized based on the comparison between the scaffolds samples for the first and the second percentage of water absorption.

### 2.3.5. Degradation study {#s0050}

Degradation of the 3D nanocomposite scaffolds was studied in PBS solution pH 7.4 using two approaches. The first approach enzymatic method entailed the study of the degradation rate using lysozyme, in adoption of [@bib36] method. Six samples measuring 1 cm in diameter and 1 cm in thickness each were tested from each scaffold type. The samples were immersed in PBS solution containing 10,000 U/mL lysozyme at 37 °C for 14 days. The liquid was changed every 3 days to guarantee constant enzyme activity. Initial weights of each sample of the scaffolds were recorded as W~0~. The samples were removed after 14 days and freeze dried for 4 days at −50 °C. The samples were then weighed and the dry weight was recorded as (W~1~). The degradation percentage was then calculated according to the following formula:$$\mathbf{Degradation}\% = \left( {\mathbf{W}_{0} - \mathbf{W}_{1}} \right)/\mathbf{W}_{0}x100\%$$

For the second semi-quantitative method, six samples measuring 1 cm in diameter and 1 cm in thickness each were collected from each scaffold type for the 14 days semi-quantitative experiment. Photographs were obtained at fixed time intervals to show the physical changes of the degrading scaffolds. During the degradation of the samples, the pH changes were also concurrently measured at changeable intervals.

For third semi-quantitative method this study adopted a direct visual examination method (by naked eye) to assess the degradation rate. At different periods of time, comparison of the scaffold condition by monitoring the changes in the scaffold dimensions soaked in special environment. Six samples were collected from each scaffold measuring 1 cm in diameter and 1 cm in thickness each were used for this 14 days semi-quantitative experiment. The samples were immersed in deionized water. The information provided by the degradation in PBS solution pH 7.4 using the two approaches and through the direct visual observation method was acceptable to judge the differentiation in degradation rates of different types of scaffolds with different manufactured components.

### 2.3.6. Mechanical strength study {#s0055}

Compressive mechanical strength and modulus of scaffolds were tested using an Instron 3365 mechanical tester (Instron 3365, 10 kN load-cells, Canton, MA, USA) with 10 kN load cells [@bib9]. Six samples were collected from each scaffold and prepared as circular discs of 1 cm in diameter and 1 cm thickness. The speed of a crosshead which used was 0.4 mm/min and the load was applied till the samples were compressed to approximately 100% of its original height. The stiffness of the scaffolds was assessed at the stress point region. The yield strength was taken to the yield point on stress-strain MPa.

### 2.3.7. Fourier Transform Infrared (FTIR) analysis {#s0060}

To find out the chemical functionality of the 3D nanocomposite scaffolds, the spectroscopic method utilizing a Fourier Transform Infrared (FTIR) spectrophotometer (Perkin Elmer) was used over the range of 400 cm^−1^ to 4000 cm^−1^. 1--2 g of samples was prepared and used through UATR methods.

### 2.3.8. Powder X-Ray Diffraction (PXRD) analysis {#s0065}

1--2 g of samples of each scaffold type were ground and used for this analysis. The analysis entailed performing wide-angle X-Ray Diffraction to differentiate the nature of amorphous and crystalline components of the samples at room temperature. All crystalline phases present were recognized using X-ray powder diffractometer (Shimadzu XRD-6000, Japan powder diffractometer) through the use of CuKα (λ=1.540562 Å) at 40 kV and 30 mA [@bib10]. The diffraction form was collected at a rate of scanning 0.02 degrees per second in 2θ at a range of 20° to 60° at 37 °C.

XPPA by Scherrer\'s formula to compare with the values obtained from TEM analysis results. The crystallite sizes Dv is an easy technique that openly distinguishes between strain induced and size induced peak extending through considering the peak length as a function of 2θ [@bib11].

### 2.3.9. Differential Scanning Calorimetry (DSC) analysis {#s0070}

Differential Scanning Calorimetry (DSC) was performed on scaffold samples to examine their thermal characteristics. The thermal change of the scaffolds powder developed from different combinations was analyzed using differential scanning calorimeter (METTLER TOLEDO DSC822e Switzerland). About 1--2 g of samples of each scaffold were grounded, prepared and used for this analysis. The sample powders were scanned at room temperature. Samples were heated up to 250 °C at the rate of 10 °C/min, held isothermally for five minutes and cooled again to 25 °C during each cycle. During the first cycle, the heat of the melting temperature, (T~m~), was recorded in order to find out the crystallinity. The minimum of the melting peak was defined of melting temperature. During the second cycle, the glass transition temperature (T~g~) was determined as the inflection point of the glass transition.

### 2.3.10. Statistical analysis {#s0075}

First of all, the quantifiable outcomes were evaluated using Explore for Normality of data then One-Way Analysis of Variance (ANOVA) and Kruskal-Wallis Test. The results were shown as Mean±Standard Error (SE). Post Hoc Test were calculated for significant values p\<0.05 using Tukey\'s Multiple Comparison Test. All descriptive and inferential statistical analyses was conducted using Excel version 2013, SPSS version 21.0, 22.0 and 23.0 and SAS version 9.4.

3. Results {#s0080}
==========

3.1. Characterization of cockle shells nanoparticles {#s0085}
----------------------------------------------------

The TEM revealed aragonite calcium carbonate nanoparticles (ACN) with a range size of 37.8±3--55.2±9 nm ([Fig. 1](#f0005){ref-type="fig"} and [Table 5](#t0025){ref-type="table"}). There was no change in the elemental compositions of the obtained cockle shells nanoparticles post synthesis using of BS-12. This reflects the surfactant role of BS-12 in the break of the larger sized aragonite rods into smaller spherical ones.

3.2. Characterization of scaffolds {#s0090}
----------------------------------

[Fig. 2](#f0010){ref-type="fig"} shows the developed scaffolds in different compositions of gelatin, dextran, and dextrin and ACN. The scaffolds formed were found to be stiff in structure. The whiteness of the scaffolds varies based on the percentage of the ACN. The higher the ACN powder percentage the whiter scaffold will appear. The scaffolds were also found to be hard enough to bear up the physical manual compression in dry state, which allows it to be simply handled and cut into desired sizes for further studies.Fig. 2Photograph shows scaffolds after drying in the freeze dryer machine, which ready to be used for studying the scaffolds characterization.Fig. 2

### 3.2.1. Scanning Electron Microscopy (SEM) study {#s0095}

The scaffolds that were prepared by freeze dry method gave rise to structures that consisted of open networks of pores, with pore sizes that ranged from 8.97 to 526 µm ([Table 1](#t0005){ref-type="table"}). The pores showed a high degree of interconnection, which is very crucial for cell seeding and growth. With this method it was possible to control the porosity percentage and the pores size. SEM analysis showed excellent micro pores structures with sizes varying from 9 to 526 µm. However, the scaffolds 5400 and 7101 showed an extremely wide pore structures ranging from 11.7 to 478 µm and 16.8 to 526 µm respectively ([Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"}, [Fig. 6](#f0030){ref-type="fig"} and [Table 1](#t0005){ref-type="table"}). The pores were round in structure with diameters ranging between 56.84 and 108.22 µm. However the group of scaffolds that have higher concentration of ACN showed higher calcium carbonate crystallites deposited on the surface of the gelatin, dextran and dextrin polymer. [Table 1](#t0005){ref-type="table"} shows the summary of pore diameter range and mean pore size of each scaffold. Noteworthy to mention that there was a negative relation between the pore size and the percentage of ACN except for the scaffold 7101.Fig. 3Photographs (A, B, C, D, E, F and G) show the superficial structure of scaffolds (5211, 5400, 6211, 6300, 7101, 7200 and 8100) using Scanning Electron Microscope. A, B, C, D and E, 200x and F and G, 100x.Fig. 3Fig. 4Photographs (A, B, C, D, E, F and G) show the internal structure of the scaffolds (5211, 5400, 6211, 6300, 7101. 7200 and 8100) using Scanning Electron Microscope. A, C, E and G, longitudinal section, B, D and F, Cross section. A, B, C, D and E 100x., F and G, 200x.Fig. 4Fig. 5Photographs (A, B, C, D, E, F and G) show the internal structure and pores diameter of the scaffolds (5211, 5400, 6211, 6300, 7101, 7200 and 8100) using Scanning Electron Microscope. A, C, D, E and G, cross section, B and F longitudinal section. 50x.Fig. 5Fig. 6Photographs (A, B, C, D, E, F, G) show the internal structure and pores of the scaffolds (5211, 5400, 6211, 6300, 7101, 7200 and 8100) using Scanning Electron Microscope. A, B, E, F and G, longitudinal section, C and D, longitudinal section. 1000x magnification showing the presences of cockle shells nanoparticles powder crystallites depositions on the internal matrix.Fig. 6Table 1Summary of pores diameters of each scaffold, (Range µm), (Mean±SE), (a\*) means significant difference were observed between the scaffolds at p\<0.05.Table 1**Name of scaffoldRange of pores diameterMean of pores diameter**Scaffold 52118.97--337 µm71.27 µm±3 bScaffold 540011.7--478 µm77.27 µm±7 bScaffold 621116.5--435 µm94.71 µm±2 cScaffold 630012.4--358 µm92.32 µm±6 bScaffold 710116.8--526 µm108.22 µm±8 dScaffold 720015.5--348 µm56.84 µm±3 a\*Scaffold 810016.9--225 µm59.89 µm±2 a\*[^1]

### 3.2.2. Porosity study {#s0100}

Scaffolds from different compositions showed significant differences at p\<0.05 in the porosity percentage between 33% and 97% ([Fig. 7](#f0035){ref-type="fig"}). The results also showed that the higher percentage of ACN powder, in a scaffold, the higher was its porosity percentage.Fig. 7The mean of porosity percentage of scaffolds tested through liquid displacement method. \*Significant difference were observed between the scaffolds at p\<0.05.Fig. 7

### 3.2.3. Swelling study {#s0105}

[Fig. 8](#f0040){ref-type="fig"} shows the percentage of medium uptake of each scaffold at a given period obtained by manipulative changes in scaffold weight. Scaffold 5400 showed the lowest PBS solution absorbing ability at 34.92±3% in the first 10 min, whilst scaffold 7200 scaffolds showed the highest absorbing capability at 65.54±8%. Scaffold 6211 showed the lowest PBS solution absorbing ability at 23.49±2% in the second 10 min, whereas scaffold 6300 showed the highest absorbing capability at 42.62±2%. The PBS solution ability of the seven scaffolds were found to vary between 35% and 66% for first 10 min and between 23% and 43% for second 10 min with significant differences between the scaffolds for first 10 min at p\<0.05. No significant differences was observed between the scaffolds for second 10 min at p\>0.05.Fig. 8The mean of medium uptake percentage and the mean of water absorption percentage (first and second 10 min) and the mean of degradation percentage using Lysozyme. \*Significant difference were observed between the scaffolds at p\<0.05.Fig. 8

### 3.2.4. Water absorption study {#s0110}

[Fig. 8](#f0040){ref-type="fig"} shows the outcome of water absorption test for different composition of scaffolds. After the first 10 min, the scaffold 7101 and 8100 were more resistant than the other scaffolds. The second 10 min of immersion was done after the scaffolds were left to dry. The percentage of water absorption had dropped in scaffolds 7101 and 8100. All types of scaffolds showed significant difference between the scaffolds for the first and second 10 min at p\<0.05.

### 3.2.5. Degradation study {#s0115}

The degradation study of the scaffolds was carried out using an enzymatic way as well as two semi-quantitative methods for a time period of 14 days. The results show that scaffold 6211 showed higher degradation rate at 67% and the scaffold 5211 showed lower degradation rate at 15% compared to other scaffolds ([Fig. 8](#f0040){ref-type="fig"}). The degradation rate of the scaffolds was different from one to other, the scaffold 5400 was 24%, 6300 was 28.6% and 7200 was 28.7% degraded at the day 4 of the test, whilst scaffold 7101 and 8100 showed 31% and 19.5% degradation percentage respectively, which degraded at day 6 of the test, and scaffold 6211 showed higher degradation at 67% at day 7 of the test. Whereas, scaffold 5211 showed lower degradation at 15% at day 10 of test respectively ([Fig. 8](#f0040){ref-type="fig"}and [Table 2](#t0010){ref-type="table"}). The degradation development displayed by the scaffolds was found to be associated with the concentration of ACN powder as well as the concentration of gelatin within the same scaffold. Low content of gelatin showed higher degradation rate except for scaffold 6211 that has showed higher degradation with high concentration of gelatin ([Fig. 8](#f0040){ref-type="fig"}, [Fig. 9](#f0045){ref-type="fig"}, [Fig. 10](#f0050){ref-type="fig"} and [Table 2](#t0010){ref-type="table"}). Moreover, there was no significant differences in the degradation percentage of all the scaffolds studied at p\>0.05.Fig. 9Photographs show the degradation manner of each scaffold using Lysozyme after 24 h.Fig. 9Fig. 10Photographs show the degradation manner of each scaffold using Lysozyme after 7 days.Fig. 10Table 2Summary of degradation period of each scaffold during degradation manner.Table 2**The scaffoldDegradation using LysozymeDegradation using PBSDegradation using DW**Scaffold 521110 days6 days14 daysScaffold 54004 days5 days7daysScaffold 62117 days5 days8 daysScaffold 63004 days5 days8daysScaffold 71016 days4 days7 daysScaffold 72004 days4 days6 daysScaffold 81006 days4 days7 days

[Table 2](#t0010){ref-type="table"} shows the summary of degradation periods from 6 replicates of each scaffold using PBS solution. The results from scaffold degradation periods showed different model of degradation as observed throughout the enzymatic degradation studies with scaffolds consisting higher concentration of ACN powder showing higher degradation rate. Scaffold 7101, 7200 and 8100 showed faster breaking of the scaffold structure by day 2 and wholly lost its structure by day 4. Comparatively scaffold 5400, 6211 and 6300 showed a moderate degradation approach with small surface defects and mild fissure within day 6. [Fig. 11](#f0055){ref-type="fig"}, [Fig. 12](#f0060){ref-type="fig"} show the photographic images of the disintegrating scaffolds captured at two intervals.Fig. 11Photographs show the degradation manner of each scaffold using PBS after 24 h.Fig. 11Fig. 12Photographs show the degradation manner of each scaffold using PBS after 3 days.Fig. 12

### 3.2.6. pH changes during degradation study {#s0120}

[Table 3](#t0015){ref-type="table"} shows the changes in pH during the experimental period. There were significant changes in the pH within the scaffold groups, in addition significant changes between groups were observed after 24, 288 and 336 h at p\<0.05. No significant changes were seen between groups after 72 and 168 h at p\>0.05. There was a significant increase in the pH in scaffold 5211 compared to other scaffolds at the end of the study period at p\<0.05. An increased pH to a basic condition was observable within all the concentrations of ACN powder with a maximum pH of 9.09 in scaffold 5211. Scaffold 5400 and 6211 achieved a maximum pH of 8.45 and 8.72 correspondingly, while scaffold 6300 showed a maximum increase in pH values of 8.34, and scaffolds 7101 and 7200 showed same maximum increase in pH value of 8.39, and the scaffold 8100 showed a maximum increase in pH values of 8.25.Table 3The mean of pH during degradation period using PBS. (a\*) means significant difference were observed between the scaffolds at p\<0.05.Table 3**The scaffoldAfter 24** **hAfter 72** **hAfter 168** **hAfter 288** **hAfter 336** **h**Scaffold 52117.27±0.2 b7.16±0.37.13±0.17.29±0.2 a\*9.09±0.1 bScaffold 54006.96±0.1 a \*7.14±0.17.02±0.17.33±0.01 a\*8.45±0.1 a\*Scaffold 62117.06±0.1 b7.22±0.17.19±0.28.29±0.2 b8.72±0.2 bScaffold 63006.97±0.01 a \*7.25±0.47.15±0.17.17±0.02 a\*8.34±0.02 a\*Scaffold 71017.54±0.02 b7.27±0.17.20±0.17.37±0.1 a\*8.39±0.03 a\*Scaffold 72007.47±0.03 b7.33±0.17.25±0.17.23±0.1 a\*8.39±0.01 a\*Scaffold 81008.11±0.01 c7.86±0.17.15±0.27.50±0.1 a\*8.25±0.1 a\*[^2]

### 3.2.7. Mechanical strength study {#s0125}

The stiffness and yield were determined from the compression test. [Fig. 13](#f0065){ref-type="fig"} shows the compression strength and Young\'s Modulus of the scaffolds tested under a 10 kN load. The compression strengths of scaffold 5211 and 5400 were 20.31±4 MPa and 18.54±6 MPa respectively and found to be significantly higher compared to the other scaffolds at p\<0.05. Scaffold 8100 displayed the lowest compression strength at 3.55±0.3 MPa in spite of a remarkable tendency of increase in the compression strength with the ACN powder composition and increase in gelatin composition. The Young\'s Modulus of scaffold 5211 and 6211 were 270.635±63 MPa and 240.208±103 respectively and found to be higher compared to the other scaffolds. Scaffold 7200 displayed the lowest Young\'s Modulus at 103.52±30 MPa. Scaffolds from different compositions showed significant differences in the compression strength at p\<0.05 and no significant differences in the Young\'s Modulus at p\>0.05.Fig. 13The mean of compressive strength (MPa) and young\'s modulus (Mpa). \*Significant difference was observed between the scaffolds at p\<0.05.Fig. 13

### 3.2.8. Fourier Transform Infrared (FTIR) analysis {#s0130}

The FTIR spectra of the scaffolds were showed in [Fig. 14](#f0070){ref-type="fig"}. In all scaffolds, a similar pattern of spectra was observed with slight different in scaffold 8100. The major bands of the FTIR spectra from the analysis were observed in [Table 4](#t0020){ref-type="table"}. The bands represent some major groups representing the stretching of hydroxyl, carboxyl, amide and amine bands. The presence of C-H groups and C-O groups of the gelatin, dextran, dextrin and aragonite bands of ACN powder are also reported.Fig. 14FTIR spectra of scaffolds.Fig. 14Table 4Summary of major bands and intense peaks observed in the FTIR spectra (mean). (a\*) means significant difference were observed between the scaffolds at p\<0.05.Table 4**Scaffold 5211Scaffold 6211Scaffold 7101Scaffold 8100**33033268330132932919291829232924165716421646164614811459145914541013 a\*1016 a\*1018 b1022 b854854853854567536531--[^3]

### 3.2.9. Powder X-Ray Diffraction (PXRD) analysis {#s0135}

The XRD pattern of the prepared scaffolds is shown in [Fig. 15](#f0075){ref-type="fig"}. The X-Ray powder diffraction analysis is a sensitive test used for the recognition of crystalline phases of inorganic compounds (Shimadzu XRD-6000 powder diffractometer using CuKα (λ=1.540562 Å) at 40 kV and30 mA). The scaffolds powders were sent to the Material Science Laboratory, Department of Chemistry, Faculty of Science (FOS), Universiti Putra Malaysia for XRD analysis. The x-ray powder diffractometer is a very useful analytical method that is based on the principle that X-Rays of wavelength that is known passes through a sample to be recognized in identifying the crystal configuration. The crystals lattice diffract the wave nature of the X-Rays giving a exceptional shape of peaks of \'reflections\' at different viewpoints and of diverse strength, as light can be deflected by means of a rough suitably spaced shapes. According to Bragg principle, the deflected rays from atoms in succeeding planes cancel except they are in phase. Preparation of samples for XRD entailed packing about 2 g of scaffold powder to the holder through the use of a standard back fill technique appropriately secure adequately for it not to drop out throughout the 90ø tilt test. Crystallinity phases were determined with diffraction angles from 20° to 70° at 37 °C. [Fig. 15](#f0075){ref-type="fig"} shows that the XRD absorption peaks in the scaffolds powders matched each other. This means that the crystalline quality of aragonite CaCO3 nanoparticles in these powders is maintained throughout the process of scaffolds production. XRD absorption peaks in the ANC matched each other. Two prominent peaks were found each in ANC spectra. The first set of peaks were within 2θ=26.2° to 26.5° while the second set were within 2θ=33.1° to 33.2° and the third set were within 2θ=45.8° to 46.1°. This means that the crystalline quality of ANC is maintained throughout the process of production. These findings are further supported by XRD diffractograms indicating presence of aragonite in the entire four samples as equated to a standard calcium carbonate diffractogram having peaks from the shell powders seen to matched closely to the aragonite phase of Joint Committee of Powder Diffraction Society (JCPDS) file no. 00-041-1475. The XRD investigation done showed essential information on mineral phase of the materials existing in the scaffolds. The obtained information from the spectrums established the presence of the distinctive peaks of aragonite. The powder X-ray diffraction (PXRD) and transmission electron microscopy (TEM) methods were used to investigate the phase configuration, the morphology and size of made CaCO3 powder. The isolated and ideal high strength diffraction peaks namely, (26.2), (26.3), (26.5), (33.1), (33.2), (45.8), (45.9), and (46.1) were selected for estimating the nanostructural parameters through several models using Scherrer\'s formula ([Table 5](#t0025){ref-type="table"}).Fig. 15X-ray diffraction analysis and the strongest three peaks.Fig. 15Table 5Briefing of the structural of caco3 at different percentage in the scaffolds composition.Table 5**The scaffold2θ±0.001FWHM±0.001d (nm)D**~**XRD**~**(nm)D**~**TEM**~**(nm)Scaffold 5211 (50%)**26.22450.2155033.954937.937.75±333.11890.2379027.027134.845.85620.2229019.772838.7  **Scaffold 6211 (60%)**26.17140.2338034.022634.947.89±833.07310.2214027.063537.445.80040.2628019.795632.8  **Scaffold 7101 (70%)**26.47740.2410033.636333.948.56±633.87320.2315028.144335.946.092600.2219019.676938.9  **Scaffold 8100 (80%)**26.24860.1907033.924342.855.22±933.14440.2088027.006939.745.87250.2076019.766141.6

The PXRD patterns of scaffolds powders are comparable and display numerous diffraction points that could be apportioned to sphere-shaped crystal structure. Furthermore, the diffraction points are distinctly wider signifying that the particles of prepared powder were in nanosize. Powder X-ray diffraction (PXRD) was utilized in limiting the composition and pureness of the produced CaCO3 nanoparticles. The PXRD patterns of scaffolds powders revealed typical peaks having high density between 2θ of 26° and 46°.

### 3.2.10. Differential Scanning Calorimetry (DSC) analysis {#s0140}

Thermal characteristics of the scaffolds were analyzed using DSC scans as shown in [Fig. 16](#f0080){ref-type="fig"}. There was no crystallization peak during the first run, thus the percentage crystallinity was calculated only with the Heat of fusion H~f~. Firstly heating rises from room temperature 25 °C to 250 °C at 10 °C/min. During this rise, the material displays information on its real physical and morphological condition. This rise was used to assess the Heat of fusion, (H~f~) and melting Temperature, (T~m~) of the materials. While, the second heating rise was used to calculate the glass transition Temperature, (T~g~) which is investigative of polymer chain length and thus polymer degradation. The DSC curve for scaffold 5211 showed a glass transition point for the non-cross linked sample at 232.58 °C. The heating of scaffolds results in a loss of the compound structure, and the temperature at which melting procedure occurs was a helpful tool to differentiate these powders preparations, and this transition can be observed by DSC. Endothermal reactions start between 62.41°C and 75.51 °C, depending on the powders resource, processing and pH. It can be seen that the thermal mark of the powder mix had a minimum melting peak at about 62.41, 63.04, 65.48 and 75.51 °C for scaffolds 8100, 7101, 6211 and 5211 correspondingly and the second minimum glass transition peak were between 230.69 and 232.58 °C.Fig. 16The graphs show the endothermic DSC peak (denaturation) of the scaffold materials (gelatin, dextran, dextrin and ACN powder).Fig. 16

4. Discussion {#s0145}
=============

This study aimed at evaluating the gelatin, dextrin, dextran and ACN, as scaffold materials for bone tissue restoring applications, in addition to improving nanoparticles usage in scaffold design. The development and characterization techniques of a material are crucial pre-determining factors vital to its reliability in further assessments [@bib32]. Dextran was chosen for this study because of its known resistant to both protein adsorption and cell adhesion. The quantity of dextran used in scaffold is a determinant of its porosity and interconnectivity [@bib32]. More so; it is suitable to work with a scaffold that has explicit sites for cell recognition [@bib37], [@bib38]. In our study lyophilization method produced scaffolds with brilliant porosity [@bib39]. Heating was the main means of evaporation of water in this study which made the mixture concentrated and dense enough to entrap the air bubbles thus, increasing the porosity after the mixture was dried. Similar results were reported by [@bib39], [@bib40], [@bib41], [@bib32], [@bib42].

The SEM investigation of the developed scaffolds revealed that micro-pores with multiple sizes. The physical structure of this micro-porosity of the scaffolds was mainly attributed to air cavities. These supplied spaces to accommodate the effect of swelling on the scaffolds. This observation was similar to those of [@bib41], [@bib32], [@bib30], [@bib33]. It was observed that the scaffolds have less than 50% porosity via liquid displacement method using ethanol. Nonetheless, scaffolds with higher ACN concentration showed a relatively higher porosity with maximum composition of ACN (scaffold 8100). Similarly, [@bib35], [@bib43], [@bib30], [@bib33] reported the same results. This could be due to the water evaporation during lyophilization process. Evaporation created porous structures in the scaffolds due to the detachment of nanoparticles powder within the gelatin, dextrin and dextran matrices during freezing. The higher the ACN powder contents the higher the amount of aggregates detached within the gelatin, dextrin and dextran matrices [@bib30], [@bib32], [@bib33].

A vital aspect that is negatively related to porosity is the mechanical characteristics of the scaffold. Porosity of a scaffold adversely affects its mechanical strength. Any increase in porosity often occurs as decrease in the mechanical strength of the scaffold. This flaw or undesired phenomenon is frequently appearing in polymer based scaffold, as developed in this study. Many studies have been reported on the enhancement of mechanical characteristics of scaffolds by integration of inorganic biological substances [@bib44], [@bib45], [@bib46], [@bib47]. Gelatin, dextrin and dextran are known natural polymers that form a fragile hydrogel like scaffolds. The blend of ACN powder with gelatin, dextrin and dextran resulted in advanced nanocomposite scaffold with tremendously enhanced mechanical characteristics. The results from this study suggest a significant increase in both the mechanical characteristics and Young\'s Modulus of the scaffolds that were combined with ACN. It was observed that the mechanical properties of the scaffolds were positively related to the concentration of gelatin and dextrin content in scaffold compositions. This relation was obvious in scaffold 7101, 7200 and 8100 that showed a decrease in their mechanical strength and modulus regardless of having the highest content of ACN and lowest content of gelatin and dextrin. This is possibly was due to the increased porosity of scaffold 7101, 7200 and 8100 that have eventually resulted in decreasing their mechanical properties.

Spherical pores have good tendency to resist higher compression loads [@bib43], [@bib44]. Some of the factors that scaffolds must have to control its mechanical properties are pore size and its interconnectivity [@bib30], [@bib32], [@bib33], [@bib43], [@bib48]. In this study, scaffold 5211 demonstrated a good mechanical property that ranged between the hard bone structure of 271±63 MPa with a compressive strength of 20.3 MPa making this combination the most suitable conditions of mechanical properties as earlier reported by [@bib44], [@bib17], [@bib47]. Mechanical strength of nanocomposite scaffolds is believed to be added by strong ionic interaction that happens between ions in a compound substance [@bib12], [@bib30], [@bib33], [@bib49]. In our study, the interaction of calcium ions provided by ACN powder with the carboxyl groups in the gelatin is possibly the contributing factor. These results were very obvious and interpretable via the FTIR analysis.

The swelling performance of a scaffold improves its pore size [@bib30], [@bib32], [@bib33], [@bib47]. Swelling performance is an additional factor a scaffold can provide. It has a practical use in supporting the attachment and growth of cells and the subsequent new tissue regeneration [@bib44], [@bib50]. Swelling ratio of scaffolds is an average of slightly above 50% of medium absorption ability during the first 10 min. In this study the scaffolds 6211 and 7200 were observed to have such a ratio, while scaffolds 5211, 5400, 6300, 7101 and 8100 showed the lowest medium absorption ability on an average of less than 50%. These results were in disagreement with those of previous study by [@bib35] who reported that higher swelling rates are positively related to the higher porosity of a scaffold. Nevertheless, [@bib36] reported that swelling ratio was decreased when the scaffold is designed as nanocomposite structure similar to those fabricated in this study. One probable interpretation for this reduction may be attributed to the increase surface area of interaction of ACN with the gelatin, dextrin and dextran networking and its enhanced bonding properties. Unexpectedly, the investigations in this study showed that the swelling rate was significantly increased with the amount of gelatin, dextrin and dextran used in the combinations mixture. In addition, the porosity percentage was found to be significantly increased with increase in ACN powder content.

Degradation behavior of the polymer based scaffolds is another essential aspect in the area of tissue engineering. Biodegradability is primarily initiated by polymer chain back bone hydrolysis and to a minor extent via enzymatic activity [@bib6]. Scaffold\'s weight loss increases from pure to high content during incubation period [@bib51], [@bib52]. Studies on the degradation of the scaffolds showed comparable development as of the swelling ratio [@bib30], [@bib32], [@bib33]. Positive relationship was investigated between the swelling performance and the degradation rate for scaffold 6211, 6300 and 7200 [@bib30], [@bib32], [@bib33]. The later showed the highest degradation rate. However, scaffold 5211 showed the lowest degradation rate during both the enzymatic degradation study and the semi-quantitative study [@bib30], [@bib32], [@bib33]. All the studied scaffolds, except 6211 showed intermediate results when compared with scaffold 5211 being more advantageous for bone tissue engineering applications [@bib30], [@bib32], [@bib33]. In this study enzymatic degradation investigation was presented as a short term observation based on the nature of lysozyme enzymes. Lysozyme enzymes break down the linkage groups of the gelatin, dextran and dextrin network [@bib6]. The enzymatic degradation experiment showed that the breakdown of linkages between the gelatin, dextran and dextrin networking was accelerated as direct result of the raise in fluid uptake. Therefore, the loss of networking structure was initiated within few days of soaking. There was a positive relationship between the degradation time and the chain scission that results in decreasing the modulus values [@bib52]. The structural reliability, constancy and the high concentration of gelatin led to degradation offset up to 14 days of the experimental period. A common characteristic of scaffolds can be a degradation rate that is balanced, in other words, neither too fast nor too slow for it to be rendered practical. Many factors that affect degradation time include polymer crystallinity, thermal history, molecular weight, porosity, monomer concentration, the location of the implant and geometry [@bib6].

The osteoblast is such a cell that is vulnerable to pH changes and the acidity of the surrounding environment. In addition, pH is a significant factor that affects the electrical charges of the incubation solution [@bib29]. The degradation of gelatin, dextran and dextrin polymers results in decline in pH values. Such change of pH has been reported to significantly lower osteoblast activity, ALP activity and collagen synthesis [@bib6]. We theorized that the leaching of ACN powder from the gelatin, dextran and dextrin matrices throughout the degradation time results in an increase in the primary pH value of the solution toward more alkaline environment. Such situation may be associate or related to the concentration of ACN powder in the scaffolds. This alkalinizing and neutralizing effect of ACN powder towards the potential acidification (low pH) of the solution during gelatin, dextran and dextrin degradation creates an ideal mixture for bone grafting functions. Additionally, previous studies have reported a raise in osteoblast activity and fracture healing speed via metabolic alkalosis and/or acidosis [@bib6]. This explains positive side of the raised pH of all degrading scaffolds under the study.

Chemical interaction investigation of the substances in the scaffold nanocomposite is a vital aspect that can assist in the adjustment and improvement of the scaffold properties. Studies such as FTIR, XRD, and DSC are useful means in understanding the physiochemical properties of the substances as well as the chemical interactions. In this study, the FTIR spectra study of the scaffolds was obvious that scaffolds 5211, 6211, 7101 and 8100 presented with a similar pattern of spectra. This is due to the existences of same substances in varying composition. The difference may be attributed to the sharpness and broadness of the peaks formed. These changes or differences were found to be related to the increasing amount of ACN powder in the scaffolds. Moreover, the increasing ACN powder quantity may designate the development of the ionic interaction between the positive charge of calcium ions and the negative charge of the carboxyl group of gelatin, dextrin and dextran [@bib27], [@bib29], [@bib30], [@bib33], [@bib35], [@bib53]. Indeed, this ionic interaction is the factor that attributed to many scaffold characteristics such as mechanical properties and degradation behaviors.

The XRD analysis revealed important information on the mineral phase of the components of the scaffolds. The obtained spectra revealed characteristic aragonite peaks. Previous studies of [@bib54], [@bib55], [@bib53], [@bib56], [@bib30], [@bib33] also reported the existences of dominant peaks characteristic of aragonite at 26.5 and 46.1 similar to those observed in this study. It appeared that all scaffolds that have ACN powder also have the aragonite form of calcium carbonate. This aragonite form was presented as the only mineral phase presented in the scaffolds with no impurities or other substance created through the development procedure. On the other hand, the intensity of the peaks well matched ACN contained in all scaffold.

The DSC assessment of the developed scaffolds revealed essential information pertaining to the characteristics of the ideal scaffolds that served as guideline for selection of the best composition for advanced studies. The DSC was used to investigate the physical transformations or phase transitions of the nanocomposite scaffolds. Melting or glass transition temperatures of the substance were thus determined. The latter, provided an indication of the physical nature of these scaffolds. The melting Temperature (T~m~) is great when the substances used are crystalline or semi-crystalline [@bib32]. When a glassy state and the stage of glass transition are followed by significant reduction in the graph without other peaks been present, an average glass transition Temperature (T~g~) can be determined [@bib52]. Through its melting, the substance mixture showed two peaks close to each other. The peak found at 62.41--75.51 °C was attributed to gelatin, dextrin, and dextran melting. These temperatures are close with those used to extrude the mixture. Additionally, there are smaller peaks approximately at 230.69--232.58 °C that possibly correlated to glass transition Temperature (T~g~). When the temperature increases the sample eventually reaches its melting Temperature (T~m~). The melting method results in an endothermic peak in the DSC curve. The capability to conclude transition temperatures and enthalpies (thermodynamics and chemistry) makes DSC an important tool in producing phase diagrams for different chemical systems. The outcomes of the DSC of this study were in agreement to those of [@bib30], [@bib33], [@bib48], [@bib52], [@bib53], [@bib57], [@bib58]. Glass transitions Temperature (T~g~) may happen as the temperature of an amorphous solid is increased. These transitions came out as a step in the baseline of the recorded DSC indicator. It is a result of sample heat changes ability and no formal phase of transform happened. As the temperature increases, an amorphous solid will become less pasty. This transition only happens to polymers and makes them unique. The amorphous portion undergoes the glass transition only, and the crystalline portion undergoes melting only.

5. Conclusion {#s0150}
=============

This study concluded that using an innovative mixture of calcium carbonate in the form of aragonite nanocockle shells powder and gelatin, dextrin and dextran is the utmost appropriate composition that may guarantee the achievement of the developed scaffold purposes in true biological system. This innovative mixture also was essential in achieving the porous structure of the scaffolds that determined their successive characteristics. Of all, scaffold 5211 reached a tipping point in terms of ideal morphology, optimal physiochemical properties, and great mechanical strength. In addition, it expected very good cell attachment, distribution and growth rate compared to the other developed scaffolds in this study. Cell attachment analysis were done and the research paper submitted for publishing and in vivo evaluations are being carried out in our laboratory to fulfill all the major necessities to be considered as a bone replacement.
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